We have previously reported the presence of dehydroepiandosterone (DHEA) 
, which are synthesized de novo in the brain from cholesterol , has been documented in a wide range of mammalian species (Akwa & Baulieu, 1999) . PREG and DHEA have also been detected in avian species like adult male Japanese quails (Tsutsui & Yamazaki, 1995) and day-old chicks (Migues et al., 2002) . Moreover, in day-old chicks, DHEA is highly concentrated in a brain region known to be crucial for consoli-dating certain early forms of memory, including passive avoidance learning (Rose, 2000) and filial imprinting (Horn, 1991; Johnston et al., 1995) . In this region, the intermediate medial hyperstriatum ventrale (IMHV), the levels of DHEA are almost 10-fold higher than those in the forebrain as a whole and more than twice those found in other subregions of the chick forebrain, even though plasma concentrations in chicks are of the same order of magnitude as those found in humans (Lanthier & Patwardhan, 1986) and rats (Robel et al., 1999; Migues et al., 2002) . Such a high concentration of DHEA in the IMHV region, which is extremely important for various forms of early neural plasticity in chicks, is suggestive of a direct role of DHEA in such plasticity, but can also simply indicate high levels of activity in this region.
Given our previous finding that DHEA is implicated in the consolidation of passive avoidance learning, this hypothesis seemed to warrant further investigation.
DHEA and DHEA-sulphate (DHEA-S) are indeed promising candidates for plasticity-related effects in the central nervous system (Baulieu & Robel, 1996) . These compounds have been shown to increase neuronal excitability by modulating the activity of GABA and sigma receptors (Ma'jewska et al., 1990; Demirgoren et al., 1991; Monnet et al., 1995) and to stimulate neurite growth and synaptic formation during development Roberts et al., 1987; Compagnone & Mellon, 1998) ; events that also have been implicated in the active consolidation of various forms of memory in chicks and various rodents (Farkas & Crowe, 2000; Izquierdo & Medina, 1997, Rose & Stewart, 1999) . Moreover, behavioral pharmacological studies using several learning and memory models have strongly suggested that DHEA and DHEA-S play a role in the consolidation of memory (Vallee et al., 2001) .
DHEA and DHEA-S improve retention in various 'aversive' tasks in rodents, particularly aged rodents (for review see Vallee et al., 2001) , including passive and active footshock avoidance (Flood et al., 1988; Reddy & Kulkarni, 1998a) , elevated plus maze (Reddy & Kulkarni, 1998b) , and spatial tasks like the T-maze (Melchior & Ritzmann, 1996) . Moreover, we recently showed that DHEA is involved in the consolidation of a passive avoidance task in chicks (Migues et al., 2002) . Such tasks are known to be inherently stressful, however, elevating endogenous corticol/corticosterone (McGaugh, 1989; Cordero et al., 1998) .
Moreover, performance at test on these tasks in chicks and rodents is also altered by the administration of specific levels of 'stress' hormones like corticosterone, as is the 'weak' version of passive avoidance learning (Sandi & Rose, 1994; Johnston & Rose, 1998; McGaugh, 1989) . The endogenous levels in the brain but not in plasma, of certain neurosteroids, including a precursor of DHEA (PREG) , are directly related to acute stress responses (Barbaccia, 1996a,b) ; and levels of PREG, not DHEA, correlate with memory performance in rats (Vallee et al., 2001 (Rogers, 1995; Johnston & Rose, 1998 (Andrew, 1991 (Rogers, 1995; Tiunova et al., 1996) (Sandi & Rose, 1994;  Bume & Rose, 1997; Crowe & Hamalainen, 2001 ). One-day-old chicks were placed in pairs into aluminium pens illuminated by red 25 W light bulbs, and chick crumbs were scattered on the floor. After at least h of acclimatization, the chicks were pre-trained by presenting them with a small (3.5 mm-diameter) white bead for 10 s. We repeated this procedure 3 times with an interval of at least 5 min between presentations. Chicks that failed to peck in at least two of the three trials were excluded from subsequent treatment. Five min after pretraining, the chicks were trained by a 30 s presentation of a 4-mm shiny chrome bead coated with 10% MeA in ethanol. Twenty-four h after training, the chicks were tested with a 10 s presentation of a dry 4-mm chrome bead, followed (5 min later) by a 10 s presentation of a white bead (the discrimination trial). We trained and tested each chick only once. Ater the test, the chicks were killed, and the site of injection was confirmed. Chicks that showed discrimination at test; namely, avoided the chrome bead but pecked at the white bead, were classified as able to recall the task, whereas those that pecked at both beads at test were regarded as amnesic. Whereas clearly some chicks may remember the task and avoid both beads during the test, the standard criteria we use to indicate recall is that the chicks show a specific memory of the aversive properties of the chrome bead and do not generalize to the white bead (Burne & Rose, 1997 The number of squares crossed, defecations, bouts of peeping, grooming, and scratching were noted. Also noted were approaches toward or contact with the novel object, time spent in the same square as the novel object, and time spent in a square adjacent to the novel object, using playback analysis.
With all experiments, the contribution of each batch to each group was balanced as much as possible, given the inevitable variations in hatch size and exclusion because of failure to meet the criteria. Each chick was trained and tested once only and on only one behavioral task (except open field and response to novel object tests, which we conducted using the same 'target' chick).
Statistical analysis:
Statistical comparisons between the percentage avoidance scores of the groups were performed using the G-test (Sokal & Rohlf, 1981) . We also compared the numbers of chicks excluded from each group, due to failure to reach criteria, where appropriate, by G-tests. We pooled the results from male and female chicks as data from earlier experiments indicated no gender difference in the avoidance response to DHEA. Scores from the beadfloor tests (errors) were grouped into blocks of 20 (Experiment 2/3) or l0 (Experiment 3) and compared using KruskaI-Wallis tests (Sokal & Rohlf, 198 Even with very limited training on the beadfloor (10 pecks), DHEA had no effect on accuracy in pecking during training (Fig. 4) Despite an apparent reduction in the total time of testing and the time spent pecking in the DHEA-treated group (see Fig. 5 ) neither measure was statistically significant (total time" F2.3.=2.25, P 0.12; time spent pecking F.3., 0.91, P 0.41 ). This result is probably due primarily to the variability associated with these tests. The variability, however, was just as high in all groups (including untreated chicks) and might be related to the reduced training experience. Such variability is unlikely to be due to individual testing per se (no mirrors) as (note that the same scale in used in Figs. 3 and 5) testing individually without mirrors (but following an extended period of individual housing) did not appear to alter the average length of testing (but did, obviously, reduce the training times). Thus, DHEA appears to reduce the time taken to start the test, without disrupting the over-all accuracy of the responses for the time spent peckingindicative of a possible memory enhancing effect of DHEA for this appetitive task. training on the pecking accuracy of chicks during training and testing on the beadfloor task. Also included in this experiment is data from a non-injected group of chicks (squares). Data are analysed and presented as in Fig. 2 . Note however that the training block was reduced to 10 pecks, n values vary and are given in the legend key. Table 1 ). None of the chicks approached or made contact with the novel object, and only two chicks spent time in the square adjacent to the novel object, negating useful analysis of the data. Interestingly, overall, chicks treated with DHEA defecated more often than saline-treated chicks did (G 6.28, P < 0.05), although there was no difference between instances of defecation in chicks treated with DHEA either 24 hr or 5 min before testing (G 0.45, P > 0.50). The percentage of radioactivity retained in the whole brain is shown in Andrew 1991 and Rogers [1995] ).
The report presented here is, to the best of our knowledge, the first on the use of limited training on the visual discrimination/categorization task as a means of demonstrating the enhancing effect of a neurochemical on recall. Although the 10-peck protocol seemed to show high levels of variation--so high as to possibly blur enhancing effects of DHEAthe same pattern of results was evident with both the 20-peck and 10-peck protocols. The experiment examining diffusion of DHEA throughout the brain after intracerebral injection into the IMHV showed that only around 20% of the DHEA contained in the microsyringe was retained in the brain 5 min after injection, and almost all had disappeared by h post-injection. The results presented here imply the following: the doses said to be administered into the IMHV in this and in other such studies (see also Mileusnic et al., 2000) (Sandi & Rose, 1994; Johnston & Rose, 1998) , and, although not investigated directly in the beadfloor, 'stress' or 'stress-like effects' have been implicated in altered consolidation of the pebble-floor (Rogers, 1995) . DHEA can act via anti-glucocorticoid like mechanisms (Kalimi et al., 1994 ; see also Kimonides et al., 1999) , whereas behavioral studies in adult male mice have suggested an anxiolytic effect of DHEA (Melchior & Ritzmann, 1994 ; see also Frye & Lacey, 1999 A great deal is known about the memory cascade associated with the consolidation of passive avoidance memory (Rose, 1991; 2000) ; less is known about the consolidation of categorization learning. Yet, both have been shown to involve similar stages of protein-synthesis dependency and fucosylation (Tiunova et al., 1996) . Thus, it is possible that they might involve similar, if not the same, molecular/biochemical cascades. Certainly, some brain regions seem to be important for both processes. The IMHV in young chicks is crucial for the consolidation of passive avoidance learning, as well as for filial imprinting and possibly for the visual discrimination/categorization associated with learning to feed (Andrew, 1991 Maurice et al., 1998; Salinska et al., 1998) . Alternatively, the effect of DHEA could be mediated by the classic genomic action of steroids (Rupprecht et al., 1996) , facilitating the synthesis of proteins needed for long-term memory formation to occur. Although intracellular receptors have not yet been described for DHEA, it is possible that the compound is metabolized and acts on intracellular receptors (progesterone, testosterone, or corticoid receptors, for example) via one or more of its derivatives.
The effects of exogenous DHEA on recall could also occur via its action on neural cytoskeleton dynamics. DHEA has been shown to increase the number and connectivity of neurons in culture , as well as increasing the length of the neurites containing the axonal marker Tau (Compagnone & Mellon, 1998) .
Following strong passive avoidance training in chicks, memory-related changes are known to occur in synaptic and in dendritic numbers, dimensions, and morphology (Patel et al., 1988; Doubell & Stewart, 1993) (Wolf et al., 1998) . Thus, DHEA may well constitute a potential therapeutic tool in the treatment of cognitive deficits.
